Computational details
The calculated values of ΔH and ΔG correspond to B3LYP/6-311++G(d,p) [23] [24] [25] [26] and PCM [27] [28] [29] (DMSO)/B3LYP/6-311++G(d,p) including DIS (Solutesolvent dispersion interaction energy), REP (Solutesolvent dispersion repulsion energy) and CAV (Solute cavitation energy) calculations, respectively. All the calculations were done using the Gaussian 09 package [30] .
Results and discussion

Comparison of pK a s in water and DMSO with calculated acidities in DMSO (ΔG)
The 27 molecules chosen for discussion of the boundaries of PTC in water are represented in Fig. 1 . Seventeen supplementary molecules used to establish linear relationships are reported in Fig. 2 . The numerical data are reported in Table 1 (gas phase) and Table 2 (water and DMSO solutions). The calculated values (see Computational details) of ΔH and ΔG correspond to B3LYP/6-311++G(d,p) and PCM(DMSO)/B3LYP/6-311++G(d,p), respectively.
The agreement between experimental and calculated gas-phase data is good enough to identify the site of deprotonation of 1: the CH 2 not the CH 3 . The experimental values are all from the NIST data-base [31] .
From Table 1 the following equations are obtained (the RMS residuals are also given): ΔG calc. = -(3.4±8.9) + (1.003±0.006) ΔH calc., n = 37, R 2 = 0.999, RMS = 2.9
ΔH calc. = -(133±54) + (1.08±0.04) ΔH exp., n = 23, R 2 = 0.977, RMS = 12.8
ΔG calc. = -(123±43) + (1.09±0.34) ΔG exp., n = 23, R 2 = 0.986, RMS = 10.3
Note that our values are the differences in energy between the neutral and the protonated forms without any correction for the H + difference. The purpose was to verify that our computed values represent adequately the experimental values, i.e., that they are proportional.
Many authors have described that the relationships between experimental and calculated thermodynamic quantities related to the present question, for instance, carbanions, are generally excellent [32] [33] [34] [35] . There is a Table in reference [47] with several pK a s in DMSO that, when common, are very similar to those of Table 2 . There is a lot of confusion in the secondary literature about the solvent used to determine the pK a s, often the values are given without indicating the solvent. Thus, for instance, Starks, Liotta and Halpern [1] do not explicitly write that their pK a values are in DMSO, but they are identical to those of Bordwell. Eq. 4 is obtained from the data of Table 2: pK a water = (-3.2±1.1) + (0.96±0.05) pK a DMSO, n = 25, R 2 = 0.941, RMS = 2.7
Combining the data of Tables 2 and 3 leads to the following equations pK a DMSO = (-172±8) + (0.154±0.007) ΔG DMSO, n = 36, R 2 = 0.950, RMS = 2.4
Fitted values of Eq. 5 (fourth column) have been used to calculate Eq. 6: pK a water = (-4.2±1.3) + (1.01±0.06) pK a DMSO, n = 25, R 2 = 0.929, RMS = 3.0 (6)
The last column of Table 3 contains the fitted values of Eq. 6 and the last seven values of column three (no calculations in the case of 4, 5, 7, 9, 10, 14 and 24). These fitted values are not very different from the pK a values measured in water (see Fig. 3 ), but they are more robust having been calculated using the very reliable gas-phase values.
Deviations larger than 4 pK a units correspond to compounds 32 (malonodinitrile, +5.7), 27 (toluene, +5.2), 16 (indene, +4.7) and 31 (2-nitropropane, -6.0). Compound 33 (methylmalono-dinitrile) also deviates like 32 but in this case the experimental value corresponds to benzyl-malonodinitrile.
The two malonodinitriles 32 and 33 can be related to the following comment by Pagani et al. [48] : "We are also convinced that cyanocarbanions are reluctant to hydrogen bond. Proof for this is provided by the almost identical pK a values of malonodinitrile in water (pK a = 11.41) [49] and in DMS0 (pK a = 11.0) [20] , a behavior which is dramatically different from that of comparably 
The limits of carbanion pK a s
In Fig. 1 the molecules we need for our discussion of the problem of carbon C-H bond acidity have been reported. The water pK a s used in this section are the fitted values of the last column of Table 3 save for a few compounds that having a general formula cannot be calculated or that are not useful (4, 5, 7, 9, 10, 14 and 24).
C-Alkylation
It is generally assumed that the compounds having an acidic C-H bond with a pK a ~23 can be deprotonated in the classical conditions of PTC/OH [1].
Ketones
Alkylation of phenylacetone (1, methylbenzylketone, pK a = 14.8) and acetylacetone (2, pK a = 8.0) take place easily at temperatures ≤ 30°C in good yields. The problem of the C/O regioselectivity will not be discussed here. Acetophenone (3, pK a = 21.9) has been alkylated with allyl chloride (an alkylation reagent activated compared with alkyl chlorides); reaction conditions were not reported [1].
Aldehydes
The CH group α to an aldehyde 4 has a pK a ≈ 16. Isobutyraldehyde (5, a hindered aldehyde, pK a = 15.6) reacts at 70 ºC with benzyl chloride (an activated chloride) to afford 96% of 6 [1].
Esters
The CH bonds α to an ester 7 having pK a s ≈ 20 can be alkylated. For a malonic diester like diethylmalonate (8, pK a = 13.3) the reaction is much more easier. The competition of alkylation vs. hydrolysis and the choice of the adequate parameters to control it will not be discussed.
Imines
The range of pK a s of activated imines (PhCH=NCH 2 Z 9 or Ph 2 C=NCH 2 Z 10; Z = electron-withdrawing substituent) is about 16. These compounds are monoalkylated in good yields using reaction times of 12-24 h at room temperature [1].
Nitriles
The C-alkylation of phenylacetonitrile (PAN 11, pK a = 16.8) was published by Mąkosza in 1965 [7,8] . It is the prototypical C-alkylation reaction in PTC; it has been used to determine the chemical and physical parameters of PTC. In these papers, a kinetic study was reported providing an E a of 84 kJ mol -1 , a value we will use in a further discussion.
The pK a of acetonitrile 12, the compound that cannot be alkylated, is approximately 25 [34] . However, under the proper PTC/OH conditions it should be possible to deprotonate an aliphatic CH bond α to a nitrile. A patent described the cyclization of X(CH 2 ) n CN (X = Cl, Br) to the cycloalkanecarbonitrile. A yield of 99.3% was obtained under solid-liquid conditions [1] . Thus, there is no doubt that a hydrogen atom α to a nitrile (without any adjacent withdrawing or aromatic substituent) can be abstracted in PTC conditions. If the resulting carbanions could be alkylated intermolecularly this would be a result reported, which is not the case. That the intramolecular reaction above reported was possible is probably due to an entropic factor that favors the cyclization (there are many examples of reaction rate acceleration when intra and inter reactions are compared).
This example is of great importance because it shows that the upper limit, was not reached, for intermolecular C-alkylations corresponds to pK a ≈ 25. All carbon acids with pK a s lower than 25 could be C-alkylated.
Sulfones
Activated sulfones like benzylsulfones and phenylsulfones with pK a s in the 18-27 range [1] (like 14, pK a = 18.5) have been alkylated with different reagents and different PTC conditions.
Hydrocarbons
Cyclopentadiene (15, pK a = 14.8) and indene (16, pK a = 17.9) are easily alkylated as well as fluorene (17, pK a = 20.6). Fluorene was alkylated by , this result is to be compared to fluorene deuteration at room temperature (80% deuteration in 6 min) [1] . This difference of reactivity allows to estimate the difference of rate constants from the same carbanion. Assuming an E a of about 84 kJ mol -1 , the rate constant is multiplied by 2.87 for each 10ºC increase. On going from 20 to 90ºC, the ratio of rate constants between deuteration and alkylation is approximately 600; besides, the alkylation was carried out in 6 h instead of 6 min, thus the ratio of rate constants should be ~36,000. This explains why a compound with a pK a ≥ 25 that cannot be alkylated can be deuterated. But where is the limit? A partial answer to this question is gathered from the fact that diphenylmethane (18, pK a = 26.6) has been easily deuterated and oxidized. The next section will complete this aspect.
Deuteration, isomerization and oxidation
Indene (16, pK a = 17.9) and fluorene (17, pK a = 20.6) have been easily di-and tri-deuterated. Fluorene, dihydroanthracene (19, pK a = 25.8) and xanthene (20, pK a = 26.6) have been deprotonated and oxidized into phenones in PTC conditions in the presence of oxygen. Allylbenzene (21, pK a = 25.2) is deprotonated in PTC. The isomerization seems to be faster than the deuteration (intra vs. inter) [1] .
A detailed study was carried out by Spillane et al. [54] on deuteration of heterocycles (mostly thiazoles but also pyridines, thiophenes and imidazoles); positions and percentages of deuteration as well as some kinetic data were reported but without relationship with pK a data. The less acidic parent compound that was deuterated is thiazole (22, pK a = 21.7). 2-Methylthiophene was not deuterated (thiophene 23 has a pK a = 33.8) nor 1-methylimidazole 24 (pK a = 27.9; 1H-imidazole was not deuterated because in PTC conditions this compound exists as the imidazolate anion). On the other hand 2-nitrothiophene was deuterated at position 5 (a to the sulfur).
Amongst the less acid compounds that have been deuterated are diphenylmethane (18, pK a = 26.6) and triphenylmethane (25, pK a = 31.9). According to Starks, Liotta and Halpern the less acid compound deuterated is thiophene (23, pK a = 33.8) [1] . Benzofuran (26, pK a = 33.4) has also been deuterated. The upper limit appears to be toluene (27, pK a = 35.8) that cannot be deuterated. In conclusion, the borderline is between 33 and 35 pK a units.
The main open question is the origin of the pK a s difference between that necessary to form a carbanion in PTC (pK a ≈ 34) and that necessary to make it react with an alkylating agent (pK a < 25). It is probably a kinetic effect related with the activation energy being larger for a C-alkylation (~ 85 kJ mol -1 ) compared with a deuteration or an isomerization (faster than the deuteration). An educated guess would be that deuteration, isomerization and also oxidation in PTC have an E a about 40-65 kJ mol -1 . We have summarized the previous discussion in Fig. 4 .
According to M. Mąkosza (probably using DMSO values in most cases) [55] , concerning pK a limitation of CH acid for PTC C-alkylation, a simple answer is not easy, because besides the CH acidity of the carbanion precursor there are a few factors affecting effectiveness of PTC alkylation. The simplest answer is -fluorene (17, pK a = 23) still can be alkylated in the liquid-liquid system with 50% aqueous NaOH [56] . Perhaps somewhat weaker CH acids can be alkylated in solid-liquid system (solid KOH + K 2 CO 3 ). PTC reactions of carbanions with more active electrophiles (CCl 4 , PhSCN, aldehydes, etc.) and particularly isotope exchange are feasible when the precursors are less acidic. For instance aliphatic nitriles and sulfones (pK a 31 and 29) can be deprotonated and react with aldehydes or undergo intramolecular alkylation under PTC conditions [57, 58] . Using Eq. 6, 31 and 29 pK a units in DMSO became 26 and 24 pK a units in water, with are compatible with Fig. 2. pK a L NH 3 = (-2.7±0.3) + (0.82±0.02) pK a water (fitt.), n = 11, R 2 = 0.994, RMS = 0.5
Differences in basicity in water and in liquid ammonia
Although the slopes are different from 1, in a first approximation it is interesting to compare the intercepts of Eq. 4 (-3.2, DMSO exp.) and Eq. 7 (-3.7, water exp.) on one hand; and Eq. 6 (-4.0, DMSO fitted) and Eq. 8 (-2.8, water, fitted) on the other. From DMSO exp. to L NH 3 the difference is -3.2 -3.7 = -6.9 and from DMSO fitted to L NH 3 the difference is -4.0 -2.8 = -6.8. In the NIST [31] the basicities, as measured by DG, of CH 3 SO 2 CH 2 -, OH -and NH 2 -are 1500, 1606 and 1657 kJ mol Thus, the increase of pK a on going from DMSO to H 2 O to NH 3 is directly related to basicity of the corresponding anions. We are going a step further to propose that the scheme of Fig. 4 43 [63] . This is consistent with Fig. 3 ; it is expected that the exchange reaction in PTC would be much faster.
Possibility to carry out PTC in liquid ammonia
It is worth remembering that carbon acids are slightly soluble in liquid ammonia over the temperature range -33 to -40ºC but that they are readily dissolved in anhydrous ammonia solutions of KNH 2 to give colored solutions (presumably arising from the formation of the 
Conclusions
We have observed an excellent correlation between calculated deprotonation ΔG and experimental pK a for 44 C-H acids in DMSO. From these data we have built up a scale of pK a values in water that are robust but the fine properties due to specific solute-solvent interactions have been lost. This is a more apparent than real situation because if the pK a s in DMSO are homogeneous being mainly due to Bordwell [20] This extended scale of pK a of C-H acids has been used to discuss and to locate more precisely the upper limits for alkylation and other reactions under PTC conditions. This scheme was applied to a liquid ammonia medium; although alkylations in liquid ammonia with sodium amide or potassium amide are rather common (including the Eisleb alkylation) [72] , their use in PTC conditions has not been reported.
